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rOKEHOlD 


Th«  llccratur*  pertaining  tc  Lift  Valley  fever  has  been 
reviewed  in  conjunction  with  investigation  of  the  disease  and 
its  etiologic  virus.  The  work  was  perfonwd  undar  Project 
4Bll<02-065. 

Intended  as  an  econosUc  asasure,  it  has  baen  addressed  to 
the  consolidation  and  susMiriaation  of  published  asterial  of 
potential  value  in  the  study,  research,  and  evaluation  of  Rift 
Valley  fever. 

The  nuaher  of  reports  pertaining  to  this  disease  and  its 
agent  was  liaieed  by  the  ..uir.Her  of  laboratories  engaged  in 
investigations  of  the  disease  since  its  discovery  in  1^31. 
Approxiaately  180  reports  were  revlawed.  The  miobor  of  reports 
published  world-wide  was  estiastad  at  about  200.  Because  of 
duplication  only  about  100  of  the  available  reports  were  cited 
in  this  teat. 


DIGEST 


Rift  V«ll«y  f«v«r  literature  Me  reviewed  with  the  Intention 
of  eccuaulatlng,  under  a  single  cover,  published  ■atsrlal  of  use 
In  the  study,  research,  and  evaluation  of  the  disease.  Enphasis 
was  placed  on  presentation  of  facts  as  they  Mre  reported  in 
scientific  publlcatloRS. 

Attention  has  been  given  to  (a)  geographic  distribution,  (b) 
■odes  of  transwisslon,  (c)  susceptibility  of  bostj,  (J)  pathology 
(e)  Inaunlty,  (f)  characteristics  of  the  virus,  and  (;()  Investlga 
tlon  procedures. 

Rift  Valley  fever  has  been  shown  to  be  a  highly  Infectious 
disease  of  sheep,  cattle,  and  other  aniwels.  Man  has  been 
infected  frequently  during  epiaootlca  of  doaaatic  anlaels  and 
during  laboratory  or  field  contact  with  Infectious  SMtarlal. 

The  d.'sease  has  not  been  found  to  occur  naturally  outside  the 
African  continent,  but  accidental  hiiaan  Infections  have  been 
reported  in  the  United  States,  Europe,  and  Japan. 
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I.  THTRODUCTIOII 


A.  DEFINITIOM 

Rift  Valley  fever  has  been  defined  as  an  acute,  febrile,  insect-borne 
virus  disease  of  sheep,  cattlc,and  other  aniasls.  Also  susceptible,  san 
has  been  infected  during  epizootics  of  docwstlc  anioals  and  laboratory 
accidents. 


B.  HISTORY 

In  193R,  Oaubney  ^  al.'l/*  isolated  a  specific  virus  of  the  disease 
during  an  epizootic  in  sheep  and  cattle  of  the  Rift  Valley  in  Africa. 

Rift  Valley  was  described  as  a  huge  geological  depression  that  starts 
in  Persia  and  continues  thr^gh  northeastern  and  central  Africa  until  it 
ends  in  eastern  Transva«l.^  However,  the  disease  was  not  confined  to 
the  Rift  Valley,  and, it  probably  existed  in  Africa  nuch  earlier  than  1931. 
According  to  Weiss.i/  Hontgoswry  (1912)  and  Stordy  (1913)  reported  the 
existence  of  a  disease  In  nan  and  dosMstlc  aninel*  with  a  synptonatic 
rescat>lance  to  Rift  Valley  fe\er. 

Oaubney  first  designated  the  disease  "enzootic  hepatitis"  because  of 
extensive  liver  danage  in  infected  aninals.  Because  pathology  extended 
to  other  organs  as  well,  he  later  decided  upon  the  nane  Rift  Valley  fever, 
the  designation  consistently  enployed  in  the  litecature.i/ 


r 


*  See  Literature  Cited. 
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H.  RIFT  VALLEY  FEVER 


A.  GEOGRAPHIC  DISTRIBUTION 

Evid€nc2  of  Bifc  Valley  fever  has  bee.i  found  in  a  wide  belt  extending 
frot  the  southern  tip  of  the  Union  of  South  Africa  northward  into  Central 
Africa. Occurrences  of  the  disease  in  this  belt  and  elsewhere  are  shown 
in  Figure  1. 

The  first  proved  epizootic,  described  by  Daubney  in  1931,  occurred  in 
Ke  nva.i^  The  disease  was  contracted  by  shepherds  attending  infected  flocks 
and  by  four  Europeans  engaged  ia  exa'tinatlon  of  infected  aninals  and  in 
laboratory  work  with  infected  lasterlals. 


Transmission  of  the  virus  by  mosquitoes  and  presence  of  the  disease  in 
Uganda  was  reported  by  Smithburn  el.  in  1948,  when  virus  was  isolated 
from  mosquitoes  caught  in  the  uninhabited  Semliki  forest. Even  before 
this,  Findlay  shown  that  virus-neutralising  antibodies  existed 

in  the  sera  of  natives  in  Uganda,  French  Sudan,  Anglo-Eg‘~-tian  Sudan,  anu 
French  Equatorial  Africa.  Another  outbreak  of  the  disease  occurred  In 
Kenya  in  1933.2.^  In  the  suseaers  of  1950  and  1051  the  first  episootlc 
occurred  in  the  Union  of  Sour.h  Africa. The  South  Afrlc3  episootic 
involved  the  western  and  south. ‘cstern  areas  of  Orange  Free  State,  northern 
and  western  areas  of  Cape  Province,  and  the  western  and  southern  areas  of 
Transvaal.—^  Epizootics  reappeared  in  the  Union  of  South  Africa  in  1953 
(Fauresmith  district),  1955  (lftrient(Ml  district),  and  in  the  sueaer  of 
1956  (Western  Orange  Free  Statc).iallll2'  In  1957  Xokemot  et_  found 

that  wild-caught  mosquitoes  in  Zululand  carried  the  virus  and  Shone  reported 
the  prescuce  of  antlbouies  in  the  sera  of  cattle  in  Southern  Rhodesia. 


Kaschutall^  found  antibodies  in  the  sere  of  cattle  in  the  Knysna  dis¬ 
trict,  but  no  evidence  of  clinical  disease  other  than  an  occasional  abortion 
in  rattle.  He  suggested  that  these  areas  formed  truly  enzootic  areaj  simi¬ 
lar  t'.  til-  Senllki  forest.  Enzootic  areas  were  described  as  low,  warm  areas 
with  hlgn  ar.niial  ralniall.  Similar  terrain  and  climate  plus  the  added  fac¬ 
tor  of  sheep  frrmlng  characterized  the  epizootic  arees.  It  was  reasoned 
that  the  disease  reached  epizootic  proportions  only  in  those  ensootlc  ereas 
that  were  also  suitahte  tor  sheep,  a  highly  susceptible  host.aa-.-/  The 


disease  halted  abruptly  with  the  first  frost  and  with  movement  of  herds  to 
high  altitudcs.ioi/  The  geographic  distribution  of  arthropod-borne  vlruees 
in  South  Africa  was  li^vcst t gated  In  some  detail  by  Kokemot  at  el.l^-.r.iP/ 
SiiJ  Faterson  cl  mI.Hj 


y 


rtuur*  1.  Cographlc  Diatribution  of  Rift  '  lUy  fevor  In  Afrlc#. 
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B.  SUSCEPTIBILITY 

A  wide  range  of  tpeciei  w«i  classified  accord..ng  Co  their  suscepC  Iblllcy 
Co  laboratory  infection  with  lift  Valley  fever  by  Fla<llay  ec  al. He 
classified  laabs,  alee,  haasters,  and  wild  rodents  as  aost  susceptible, 
inssauch  as  the  disease  was  usually  fatal  to  these  aniaals.  It  was  also 
fatal  to  about  fifty  per  cent  of  the  second  group,  coaposed  of  sheep  and 
rats.  Man,  aonkeys,  cows,  goats,  and  gray  squirrels  experienced  severe 
nonfatal  iiit'crt ions  and  were  placed  in  a  third  group.  Cats  were  next  with 
a  aild  reaction,  followed  by  rabbits,  which  showed  no  evidence  of  infection 
although  Che  virus  persisted  la  the  blood  for  several  days.  In  a  study  of 
susceptibility  aaong  various  species  of  aonkeys,  Findlay  reported  differences 
in  suscept  ini  1  ity  that  were  separate  froc  differences  in  antibody  response. 
Indian,  African,  and  South  Aaarlcan  aonkeys  ware  equally  susceptible,  although 
certain  species  of  African  aonkeys  were  less  susceptlbla.  The  aore  suscep¬ 
tible  group  exhibited  a  febrile  reaction  and  vlreala  In  contrast  to  certain 
African  aonkeys,  which  showed  nothing  aoro  than  the  circulation  of  virus  for 
a  few  days.  In  19S2  Findlay  encountered  dlffarances  In  the  susceptibility 
uf  aice  and  rats  in  relation  to  age  and  dlet.l^  Suckling  alca  were  aore 
susceptible  chan  older  alee  and  rats.  Bats  aalntalned  on  an  Inadaquata  diet 
were  aore  susceptible  than  t»ell*fed  rats.  Findlay  pointed  out  that  the  diet 
>ipon  which  the  rats  were  aalntalned  for  the  susceptibility  studies  In  1932 
was  not  considered  adequate  la  the  1952  studies.  High  death  rates  Indicated 
chat  ferrets  should  be  placed  in  the  group  of  highly  susceptible  anlsMls.^Z/ 
Horses,  pigs,  aong  ■>ses,  heJgehogs,  'ftclse*,  frogs,  and  doaestlcated  and 
wild  fowl  were  listed  as  nonausceptible  by  Findlay. is/ 


C.  TIANSKISSIOH 
1.  Natural 

Seatonal  aspects  u*  ..!ft  Valley  fever  outbreaks  coincident  with 
prevalence  in  low  terrain  following  psilods  ot  heavy  rainfall  lad  Daubney 
at  al.  to  conclide  chat  the  virus  was  transalttad  naturally  by  biting 
insects.!'  Furthetaore,  they  were  able  t  stop  the  disease  by  aovtng 
flocks  to  higher  altitude  i  or  sheltering  aniaals  froa  aosqultoes.  The 
aosquito  was  establlshrJ  as  a  vector  by  Sa.thbwm  e£  al^.  In  1948  when  the 
virus  was  isolated  froa  aosqultoes  caught  la  the  Seallkl  forest  of  Uganda. 1/ 
Virus  wa^>  Isolated  froa  three  species  of  the  genus  Aedes  and  six  species  of 
the  genus  Eretaspodltes.  Material  froa  the  Aedes  species  had  lower  titer 
chan  chdt  froa  the  Eretaspodltes  species.  It  was  thus  concluded  that  an 
Eretaapodites  svecics  waa  Che  vector  and  the  Aedes  species  were  Incidentally 
infected  and  not  Involved  In  the  parasltsc  cycle.  In  1949  the  virus  «ms 
trsnsaitrrd  froa  laah  Co  la^  and  froa  aouse  to  aouae  la  the  laboratory  with 
gretaspodites  chrYsoxaster.lS/  Epldealologlcal  studies  In  1948,  1951,  and 
1951  showed  no  evident  of  person-to-person  spread  ur  Infectlcn  of  ain  by 
an  insect  vector. Virus  isolations  froa  wlld-caught  aosqultoes  are 
suaaartsed  in  Table  I. 
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TtKiJ:  I.  tin  VAUEY  FEVE2  ISOUTIOMS  FIOM  HILO-CAUGHT  HOSQUITOES 


snciKS 

LOCATION 

DATE 

LITERATURE 

CITED 

Aadaa  daboarl  da-«tlllonl 

Africa 

IMS 

5 

Aadaa  taraalla 

Africa 

1948 

5 

Aadaa  caballua 

South  Africa 

1935 

13 

AaCaa  clrcualutaolua 

South  Africa 

1958  6  1937 

20,30 

Aadaa  afrlcamia 

South  Africa 

1958  &  1938 

30 

Irataaoodltaa  chrvaoaaatar 

Africa 

1948 

3 

Culaa  tballarl 

South  Africa 

1935 

13 

2.  Ixt«riaracal 

lift  Vall«t  fcMr  vifwa  baa  baaa  tiaaaalctad  la  tha  laboratory  by 
acarlflcatiea,  lajactioa,  aaaal  iaaelllactoa^  ayo  lartlllatloa,  tajaccloa 
by  bitlat  laaaeta,  aa4  aaaMCliMa  by  aatlag  laiactaA  aatarial,  Vactora  that 
baaa  baaa  laAicaH  ta  traaaaic  tba  ainta  la  tba  laboratory  aad  thoaa  tbae 
haaa  bacoaa  iafactoH  witbowt  traaaoltttat  tba  viioa  ara  abowa  la  Tablaa  11 
aad  111,  raapactlaaly. 


TABU  II.  tncTOM  vm  wiica  nmiisnAL  TuasMisfioa  or 
SIFT  vAun  rmi  nws  im  m  Aonmo 


STBCIU 

DATE 

LnnAim 

onto 

wtman 

Ehl^tcap^lua  apaaadlcuUtua 

1933 

7 

Vlrua  aot  ratalaad 

Chiu  aalc  to  adult 

Irotaaaodltaa  ehryaotaatar 

1949 

28 

Aadaa  aaayatl 

1933 

31,32 

Adattad  vlacarot topic 
Luayo  acrala  only 

Aadaa  caballua 

1933 

13 

isia±i£i£iUi 

1934 

2 

Naaaonla  aoaclaa 

1934 

2 
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TABU  III.  HOSQOITOES  THAT  WERE  IMTECTED  WITH 
Rirr  VALUY  FEVER  UNDER  lABORATCRY  CONDITIONS 
BUT  DID  NOT  TRANSMIT  VIRUS 


SPECIES 

DATE 

LITERATURE  CITED 

Culex  theilarl 

1935 

33 

Mansonla  fuscooannata 

1933 

7 

Hansonia  versi-otor 

1933 

7 

Mansonla  Microannulata 

1933 

7 

Th*  portol  throfigh  which  th«  virua  lafacta  during  lngc*> 

tiop  of  food  ha*  not  boon  claarly  shown.  Oaubosy  ^  4^  failtd  Co  trsnsaic 
th*  virus  by  dranchlng  a  laah  with  lafactad  blood.I/  Yac  mica  hava  basn 
infactcd  by  allowing  to  faad  on  othar  «lca  that  warn  Moribund  or  daad 
Rift  Vallay  favar.ls/  It  was  polntad  out  that  actual  traasadssion  could 
hava  occurred  In  Mvaral  i«y*.  Eaparliwntal  CransMlssion  of  virus  by  nasal 
and  ay*  instillation^^  ani  scarification  suggastad  that  Infactlon  could 
hava  rasultcd  froM  caga-d-iic  aarosol,  aarosol  craatad  by  clawing  at  Iniactad 
Mica,  or  scratchaa  Incurrad  Airiu  aatlng,  but  probably  not  froM  slMpla 
Ingestion  of  Infactad  aatsrlal.lsf  EsparlMsntal  transalsslon  of  tha  virus 
to  a  hunan  volunteer  Is  described  la  th*  section  on  huaan  Infectloa*. 

3.  Accidental 

Exact  portals  of  entry  raspoaslbl*  for  transalsslon  of  th*  virus  In 
accidental  Infectloa  of  vatarinarlan*  and  laboratory  workars  raaaln  soaawhat 
obscure.  Th*  first  reported  Inlactlons  followed  participation  In  post* 
■®tt*M  axaalaatlon  of  lafactad  aalsMls  and  laboratory  axposur*  la  which 
little  or  no  protect Iv*  paraphernalia  was  used.I/  Later,  varying  dagraas 
of  protection  Including  glow**,  surgical  nasks,  and  protactlv*  ovar-gatMsnts 
were  u'Fsd  without  success.  Accl^ntal  Infection  has  also  resulted  froa 
haadl>:.g  contaMlnatad  glasswsr*,li/  entering  rooM  housing  infected  anlnels, 
F*'**j5l  suspensions,  and  grinding  Infected  tissue  In  aortar  snd  pes- 

accidental  Infection  occurred  unUar  clrcusMtanccs  that  suggested 
unusual  reslstanco  of  th*  virus  to  drylng.iZ/  An  individual,  whoa*  presuasd 
contact  with  tho  virus  wn*  scraping  aud  painting  the  walls  of  a  rooM  that 
had  boused  Infected  laboratory  anUnle  three  Months  earlier,  becaM*  infactad 
15  days  after  tha  paint-scraping  exporlencs  Active  work  In  that  location 
with  Rift  Vallay  favar  virus  had  boon  turmluated  four  Months  before  th* 
onset  of  lllnass. 
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Findlay  b«H«ved  that  the  vlr.ia  could  gain  entry  through  skin  c.bra 
aions,  the  conjunctival  sac,  or  the  mucous  Mcabranc  of  the  nose. 11^ 

Invoatlgators  have  failed  to  Isolate  the  virus  from  the  urine  of 
infected  Man  or  anisMls,  but  It  has  been  Isolated  froM  Muco-heMorrhaglc 
fccesil/  and  Material  aborted  by  Infected  cwes.li/ 

Search  hat  been  Made  for  an  Intennedlate  host  that  circulated  an 
adequate  titer  of  vi^s  long  enough  to  participate  In  the  parasitic  cycle. 
Welnbren  and  MasonlZ/  observed  that  a  wild  field  rat,  Arvicanthls 
abyssim-uus.  had  antibodies  to  tift  Valley  fever  In  Its  serum  and  Inves- 
tigrted  fM  animal  as  a  pussible  IntetMediate  host.  They  concluded  that 
the  rodent  could  act  as  a  natural  host  to  the  virus. 


D.  HiMAM  nmcnoMS 

1.  Sources 

Kift  Valley  fever  infections  acquired  under  natural  conditions 
occurred  In  humans  during  each  recorded  eplsooclc  of  sheep  and  cattle. v 
Infections  occurred  among  personnal  engaged  in  poat'mortem  enaMl nation 
of  diseased  aniamis,  .imong  laboratory  personnel  in  contact  with  infectious 
Materials  and  asning  others  whose  occupations  involved  them  with  infected 
animals. i/ 

2.  Experimental  lofertion 

Daubney  e£  provided  the  only  report  of  a  hunen  experimental 

infection  with  lift  Valley  fever  virus,  lo  apperanc  risk  was  involved, 
because  earlier  accidental  infections  were  without  known  fetelitiei.  An 
adult  wale  of  the  Klosi  tribe,  a  malarial  patient,  was  given  three  cubic 
centinrcers  of  diluted  virus  intramuscularly.  The  inoculum  was  prepared 
from  0.2  cc  of  lamb  plaame  filtrate  which  wee  obtained  with  a  Chemherlend 
LS  filter.  Titration  of  the  smterlel  wos  not  reported,  hut  the  patient 
probably  received  10^  to  10^  KUTLDy)  of  virus. 

On  tbe  third  day  alter  inoculation,  ths  patitnt  cemplalnad  o* 
haadacha  end  pein  in  the  loina.  On  tbe  fourth  day,  synptoaw  bacams 
seveiu  and  tha  fabrila  raspouaa  appearad.  The  face  wee  congeated,  eyes 
were  sltgotly  bloodshot,  and  the  pulse  sue  rapid.  Os  the  fifth  day  the 
tanperature  returned  to  normal  but  ebdominel  discomfort  remeinad  for 
wesks.  VI  real  a  wee  detected  from  the  fourth  thiwigh  the  ninth  deya 
after  inoculation.  No  untoward  sequela#  wera  reported. 
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3.  Confiraad  laf act loos 

Sift  Valley  favar  Infactlona  in  huaMins  hava  baan  heavily  docuaanted 
froa  caaa  raporta  of  paraons  contracting  the  diaaaaa  during  occupational 
contacta  with  tha  virus,  laporta  of  confiraed  caaaa  have  been  ausMticed 
in  Table  IV.  Mote  that  tha  firat  auch  report  waa  aada  by  Daubnay  and  co- 
workara  in  1931.  Infactiona  ware  contracted  in  ivary  laboratory  in  which 
work  with  Sift  Valley  favar  waa  carried  on.  Infactiona  of  African,  European, 
Japenaaa,  and  Aaarican  workara  in  a  variety  of  occupationa  ware  reported. 

Moat  infactiona  followed  known  contact,  but  contact  waa  not  alwaya  wall 
defined.  High  aorbidity  aaong  thoaa  axpuaad  to  tha  virua  waa  apparent  froai 
tha  earliest  reports. 

4.  Morbidity  and  Mortality 

hauboay  at,  al.l/  and  Findlayli^  raportad  100  par  cant  Morbidity 
aaong  parsonnal  following  post-nortaM  axparianca  with  infactad  carcaasaa. 
Alaost  every  native  engaged  in  herding  aheap  during  tha  1930  apisootic 
coatractad  a  disease  with  sy^ptoMatic  rasanhlanca  to  lift  Valley  favar. 
Subsequent  to  tha  1950  outbreak  in  South  Africa,  Schula  aaciaatad  70  par 
cant  Morbidity  aaong  approaiMacaly  32,000  people  aaauaad  to  be  directly 
expoaad.iS/  Tan  to  fifteen  per  cant  Morbidity  was  aatiMated  for  tha  total 
population  aasuand  to  be  at  riak,  approalaately  500,000  people.  The  nuabar 
of  persona  physically  In'olvad  with  infectious  Materials  waa  auch  saallar. 

All  state  vatarinarians,  stock  inspectors,  and  paraons  known  to  taka  an 
active  part  in  post*«orcaM  aBaalnation  of  disnaaad  anlaals  contracted  the 
favor.  Tfaua,  tha  Morbidity  aaong  ausceptiblas  positivaly  aapoaad  was  100 
par  cant;  lower  occurrence  in  tha  general  population  probably  reflected 
degree  of  eapoaure  rather  than  Morbidity. 

In  contrast  to  high  Morbidity,  only  one  hunan  fatality  aaaoclated 
with  lift  Valley  favor  haa  been  reported.22/  This  report  is  reviewed  in 
Section  II,  D,3,d. 

3.  Clinical  rictum 

a.  SyMptoMO 

Banarkably  alMllar  oyqptoaatlcally  to  dengue  fever,  Sift  Valley 
fever  haa  a  sudden  onset  with  elevated  tanperatura,  headache.  Muscular 
pain,  weekuess,  senaatloa  of  fulleeaa  ever  the  liver,  rigors,  Yjrtitq, 
photophobia,  nausea,  and  soMStiMes  conatlpation  and  eplstaaia.i/  Elevated 
toMperature  frequently  occurs  in  two  phaaes.iais/ 

b.  IncubatloM  Period 

After  three  to  sis  days*  Incubetlon  period,  a  rise  la  taapera* 
ture  occurs,  aiong  with  one  or  More  of  tha  ay^tono  previously  described. 
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TABU  IV.  SUMMAKY  OT  KITT  VALUY  FEVEX  'jmCTIONS  IN  HUNANS 


rucE 

MO.  or  CASES  AN3 
OCCUFATICH 

coMnwAnoN 

TSSli' 

UTEBATURE  CITED 

Konya 

2  vatarlnary  aurgaona 

2  lab  aaaiatacta 

Nona 

1 

London 

1  patholt'glat 

1  vatarlnary  aurgaon 

3  lab  aaalataata 

S> 

SN 

v,s;- 

22,38 

Unltad 

States 

1  pathologlat 

3  tacbalclaoa 

2  lab  aaalatanta 

2  vlrologlata 

V,SR 

27,33,38,39 

Uganda 

2  pathologlata 

6  tachnlclana 

3  anlaal  caratakara 

v,sa 

40 

Japan 

12  lab  worfcara 

a,m 

41 

South 

Africa 

14  faraara 

7  vatarlaary  aurgaona 

2  taaebara 

2  rtaaareh  atatloa 
a^ployaaa 

1  aarehant 

1  dlaannd  workar 

1  lochaiclaa 

2  oatlvaa 

S  unhnawa 

V,SN.Cf 

12,13,17,42-47 

a.  SH  - 
V  • 

€T  - 

aaruai  naucrallaaclaa 
vlrua  laolatad 
eoaploaMoc  flaaclaa 

p«ral«c>for  two  to  cbr««  4«y«  (Vl#(ra  2).  1h«  tMv«ncura  fn^uancly 
raturaa  to  noraal  for  ooa  or  two  doya  aad  rlaao  a  aocood  tUw.  Taapora* 
turaa  roocli  109*  to  107*V,  uoMlly  acca«B«>l*X  by  ayi^CaaM.l/ 

c.  lacoyooitatloo 

Tha  fabrlla  raapooaa  oora  or  laaa  tba  pariod  during 

idiich  vtrua  iMa  laolatad  fraai  tha  blood,  a  pariod  of  four  to  ala  daya.lii/ 


This  period  wee  eleo  Merked  by  e  eherp  rlee  io  the  leucocyte  count,  which 
chenged  (o  leucopcnie  ee  the  febrile  period  tcreineted.  Incepecitetion 
veried  fi^oa  inepperent  infections  to  coaplete  debilitetion.  However, 
clinlcelly  recognieeble  cesee  ueuelly  required  bed  rest  during  the  febrile 
period.  Kecovery  wes  aost  often  uninterrupted  end  coaplete,  but  melalse, 
weekness,  end  coapleinto  of  heedeche  end  defective  vision  were  reported 
ti  persist  for  severel  weeks. 1/ 

d.  Sequelee 
(1)  Oculer 

SysqytoMtlc  visuel  ilsturbences  were  noted  frequently 
in  reports  on  huasn  ceses  of  Kift  Velley  fever.  Photophobie,  tenderness 
of  the  cyebells,  end  peln  behind  the  eyes  were  frequently  reportcd.i^' 

Deuboey  et,  el.i/  reported  thet  e  leboretory  worker  com- 
pleined  of  defective  vision  for  soae  weeks  following  the  diseese.  The 
nature  of  the  visuel  defect  wes  not  described,  nor  wee  there  eny  reference 
to  invcsMgetlon  of  the  cos^leint.  Although  coepleints  of  visue,l  disturb¬ 
ance  have  been  eade  following  lift  Velley  fewer  infectione  in  Centyrel 
Africe,  evidence  of  retiael  deeage  following  infection  hee  been  r^orted 
only  In  Che  Union  of  South  Afrlce.ls/ 

Centrel  eeroue  retlnopethy,  cheracterissd  by  aeculer 
swelling  end  Mceelonel  eaall  heswrrhegee,  wee  described  by  Preed^^ 
end  Schrlre.Sc/  Freed  reported  the  cese  of  e  ecboolaeeter,  38  yeers 
old.  who  coepleined  of  visual  dieturbence  ot  six  weeks'  duration  in  cbe 
left  eye.  Six  days  efter  onset  of  illness  the  patient  noticed  blurring 
of  vision.  Six  weeks  later  exaaination  showed  the  cause  to  be  a  dense 
wiiite  elliptical  ness  covering  the  left  aecula.  Previous  exposure  to 
Aift  Valley  fever  virus  was  shown  by  the  cos^loaent -fixation  test. 

Schrire&2/  described  five  cases  of  ascular  exudates  and 
one  case  of  retinal  detachasnc  seen  In  his  practice  during  the  19S1 
spixootic  in  tbs  Union  of  South  Africa.  All  of  Chose  cases  were  diag¬ 
nosed  by  the  co^pleasnc-fixation  test.  Data  pertinent  to  these  casos 
are  suMsrised  in  Table  V.  The  onset  of  eye  sy^pteaw  varied  froa  the 
begioniKg  of  the  febrile  period  to  throe  weeks  later.  Visual  defects 
reneined  in  nose  of  the  cases  for  aore  Chen  two  ■entbe.  In  one  case  they 
were  pennaenc.  Xn  seas,  after  aeny  aenths,  the  lesions  resolved;  la 
others,  cos^licatioas  persisted  for  throe  years.ix/  During  the  SMtb 
African  spideaic  of  19S1  several  ophthalaelpsiste  noted  siallar  changes, 
but  ebsse  have  not  been  reported  in  dotail.Ss/ 

The  relationship  between  Aift  Valley  fever  and  visual 
sequelae  has  not  been  definitely  sstebllshed.  Msec  of  the  observe^ons 
reported  were  on  patients  without  continuous  history.  Diagnosislof 
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Rift  Valley  fever  via*  made  serologically,  i.  bosc  instances  weeks  or  months 
after  the  discovery  of  past  illness  related  by  the  patient.  In  three  of 
the  six  cases  reported  by  Schrire  there  vua,  however,  a  history  of  contact 
with  anisMls.  patients  (Cases  2  and  3)  were  employed  at  a  government 

research  station  where  a  number  of  cattle  were  found  to  have  Rift  Valley 
fever.  Ac  the  same  time  five  other  staff  nembers  had  an  Influenza-like 
disease.  The  third  case  (Case  6)  was  a  government  veterinarian  who  inves¬ 
tigated  an  outbreak  in  cattle.  This  evidence,  coupled  with  the  compleraenc- 
fixation  tests,  circumstantially  linked  Rift  Valley  fever  with  Che  reported 
visual  disturbances. 

(2)  Circulatory 

Continuous  history  of  the  only  reported  fatality  asspci.ited 
with  Rift  Valley  fever  was  also  inconclusive.  ScbsMntker  and  Riversi^.' 
reported  the  history  of  a  pathologist,  age  30  years,  who  contracted  the  dis 
ease  in  the  laboratory.  The  patient  exhibited  a  typical  clinical  case  of 
infection  and  recovery  until  the  sixteenth  day  after  onset,  tdien  phlebitis 
developed  in  the  popliteal  vein  of  the  left  leg.  On  days  20  .>ad  26  pulsu- 
nary  infarcts  formed  in  the  right  lung.  Another  infarct  formed  in  the  left 
lung  on  day  34  and  phlebitis  developed  in  the  femoral  vein  of  the  right  leg 
four  days  later.  The  patient  died  from  a  large  pulmonary  embolus  on  day  45 
Autopsy  revealed  none  of  the  pathological  changes  associated  with  Rift 
Valley  fever  infections  of  larger  animals.  Typically,  virus  was  Isolated 
from  the  Mood  on  days  1  through  3,  but  not  tbaraafter.  Joubert  e£  al. 25/ 
referred  tt  one  individual  who  developed  coronary  thrombosis  one  weak  after 
contracting  Rift  Valley  fever,  but  stated  Chat  the  patient  was  of  an  aga 
and  weight  frequently  associated  with  circulatory  disorders. 

6.  Immunity 

a.  Duration 

Antibodies  appeared  in  the  sera  of  Infected  persons  14  days 
after  onset^^  but  the  duration  of  active  immunity  in  man  foilwing  Rift 
Valley  fever  infection  has  not  been  established. 15/  Findlayll/  reported 
antibodies  in  the  sera  of  laboratory  workers  who  had  recovered  from  infec¬ 
tion  four  to  five  years  earlier,  bur  they  had  had  subsequent  contact  with 
virus.  Sabin  and  BlumbergH/  reported  antibodies  in  Che  serum  of  a  patient 
infected  and  without  known  contact  with  the  virus  12  years  after  recovery. 
Findlay  a.id  Howard!^  reported  on  the  duration  of  immunity  in  Che  labora¬ 
tory  workers  first  reported  in  1936.  The  sera  of  all  Che  workers  retained 
antibodies,  which  had  persisted  in  the  absence  of  exposure  to  the  virus 
fo.  periods  of  12,  18,  and  20  years.  Schrire  and  Cear^l/  claimed  that 
antibodies  persisted  for  20  years  following  infection,  and  suggested  titat 
recovery  might  be  followed  by  life-long  ismunity.  Brown  et  el. 32/  ques¬ 
tioned  the  20-year  figure  because  protocols  ware  not  reported,  but  pre¬ 
sented  evidence  of  antibodies  persisting  for  25  years.  Neutralising 


antibodlc*  wrm  d«aoattr«t*d  in  thn  annia  of  on«  of  Cb«  nuthort  (T.  Dalling) 
23  yanra  aftnr  racovnry  fro*  Infactlon.  Eapraatad  at  tba  raclprocal  of  the 
SO  par  cant  nautralialag  dilution  of  230  aouaa  aubcutanaoua  doaaa,  cha  serum 
tirar  was  1  x  10**^.  Sailing  had  no  furtbar  contact  with  tba  virus  after 
tba  infactlon. 

b.  iMunlaatlon 

(1)  Pasaiva 

Pindlay— V  apparontly  avoided  clinical  infaction  by  adnin- 
istarlng  i^nine  btnMn  saruai  during  tba  period  of  axpoaura  to  tba  virua.  Ha 
reported  tba  appearance  of  previoualy  undetected  antibodiea  in  bia  aerun 
without  experiencing  apparent  infection. 

(2)  Active 

Bandall'2^  developed  a  vaccine  for  lift  Valley  fever,  ualng 
forMlin-inactlvated  virua  which  propagated  in  aonkey  kidney-cell  tiaaue 
culture.  The  vaccine  waa  tested  in  anlMla  and  huMn  voluntserr.  Neutralis¬ 
ing  antibody  titers  in  aniaMls  and  volunteers  ware  coaparsbla.  Antibody 
titer  and  iaMilty  were  correlated  by  intracerebral  challenge  in  adce. 

Vaccine  produced  froai  aonkey  kidaay-call  tissue  culture  was 
prepared  by  inoculating  cells  in  aerua-free  aeditai  IM  with  virus  and  incu¬ 
bating  for  94  to  144  hours  at  34*C.  Infected  whole  cultures  were  hoaugenised 
in  a  Haring  blendor  and  cUrifled  by  centrifugatloa.  The  aupemetant  blend 
was  passed  through  a  sintered  glees  fl Iter  of  aediua  porosity  and  the  pH  was 
adjusted  to  7,0  to  7,2,  If  the  aeterial  wes  of  high  titer  (10®*^  to  lO®** 
per  al),  it  was  Crested  with  foraslie  in  a  final  conceacratlon  of  1:1000. 

Free  fotaalin  was  neutralised  with  sodiua  bisulfite  and  tba  vaccine  was  then 
dUlysed  against  Hank's  beUnced  salt  solution  for  24  hours  at  4*C.  The 
vaccine  was  tested  for  becterial  sterility  and  vUble  virus  at  several  tiaa 
intervals  and  then  safety-tested  in  the  final  procedure. 


E.  ANIMAL  INPECnom 

1.  Natural  Infections 

Alesanderl/  and  Dlckaoa2/  classified  lift  Valley  fever  in  sheep  and 
cattla  according  to  clinical  signs  of  tba  disease.  They  recogcised  a  pera- 
cuta  fora,  an  acute  fora,  a  sub-acute  fora,  sad  a  mild  or  inappareat  fora. 
Iha  peracute  fora  was  coMoa  in  very  young  laa*a.  An  incubation  period  of 
about  12  hours  was  followed  by  collapse  and  death  within  34  hours  in  93  to 
100  per  cent  of  the  infected  lawbs.  During  tba  24  hours  preceding  death, 
lawhs  ware  listless,  disinclined  to  feed,  and  sank  down  soon  after  being 
put  on  their  feet.  The  abesace  of  diarrhea  was  noted.  The  acuta  fora  wes 


coasKinly  encounteicd  In  laab*  and  to  a  leaser  extent  In  adult  sncep.  Clini¬ 
cal  signs  appeared  suddenly  and  Included  a  rapid  rise  In  teHperature,  vomit¬ 
ing,  saicopurulant  discharge  froa  the  nose,  rapid  pulse,  unsteady  gait,  and 
abortion  In  pregnant  aniaals.  Death  usually  followed  onset  within  24  to  48 
hours.  The  rortallty  rate  was  high  in  laabs  and  varied  froa  20  to  30  per 
cent  in  adult  sheep.  In  adult  sheep  and  cattle,  the  subacute  fora  was  com- 
sun.  Body  Ceag>eraCures  rose  to  104*  to  106*F  and  persisted  for  24  to  94 
hours.  There  was  Inappetence  and  general  weakness.  Abortion  was  frequently 
the  only  sign  in  pregnant  aniaals.  Milk  production  decreased  rapidly.  The 
mortality  rate  was  low,  less  than  10  per  cent  In  cattle.  The  mild  or  inap- 
parent  fora  also  occurred  in  adult  sheep  and  cattle.  The  only  sign  of  dis¬ 
ease  was  a  aild  febrtle  reaction,  and  diagnosis  could  be  made  only  by  cero- 
loglcal  methods.  Leucopanla  followed  the  apparent  foraw  of  Infection. 

2.  Experlsiental  Infections 

Experlaental  infection  of  laabs  with  pantroplc  Rift  Valley  fever 
virus  fPIY^)  was  followed  by  a  clinical  picture  similar  to  natural  Infec¬ 
tions. Coats  showed  signs  slallar  to  those  of  sheep.  Cattle  showed 
dullness,  Inappetence  and  blood-stained  nasal  discharge. 12/  Sheep  and 
laabs  Inoculated  with  ncurotroplc  Rift  Valley  fever  virus  (NRVFV),  other 
than  Iticracerabrally  (IC),  exhibited  a  mild  or  Inapparent  form  of  the 
disease. iZjLdiv  However,  when  Inoculated  IC,  MRVTV  caused  a  rapidly  fatal 
encephalitis.  Death  occurred  within  24  hours  without  signs  other  chan  a 
slightly  elevated  tea^eraturw,  but  If  the  anlaal  survived  4$  to  72  hours, 
the  elevated  teaperature  was  followed  by  retractioa  of  the  bead.  Inability  ^ 
to  rise,  and  convulsive  twitching  of  the  llabs. 

Mice  and  rats  experimentally  Infected  with  HtVTV  and  PRVTV  exhib¬ 
ited  roughened  coats,  lethargy,  tremors,  convulsions,  subnormal  tanpera- 
tures  In  later  stapes,  cosm,  and  usually  death  In  one  to  three  hours  after 
onset  of  disease  and  within  36  to  72  hours  after  Inoculation. 1&l2Z/  Preg¬ 
nant  mice  and  rats  frequently  aborted  and  died.  The  young  were  still-born 
or  died  shortly  after  blith.iZ/ 

A  febrile,  nonfatal  form  of  RVP  developed  In  monkeys  within  24  to 
96  hours  after  lnoculatlon.l2/  The  febrile  response  persisted  for  24  to 
120  hours,  followed  by  leucopanla,  but  other  signs  of  disease  were  not 
apparent. 

3.  Pathology 

Pathology  of  Rift  Valley  fever  infection  In  various  aniaals  was 
investigated , by  Oaubney  et  al,.,l/  Findlay  at  al.,-^»52. 56.56/  59/ 

Salch^m,2Z'  gltchaa,i^7~Schuls,i^!v  and  Hlae§£^  then  reviewed  by  Weiss  In 
1937.2/  Tte  SMtarlal  presented  below  was  summarised  froa  the  observations 
published  by  these  Investigators. 


a.  Shaap,  Cat C la,  and  Goatt 

Tna  pantroplc  vinia  priaMrily  affactad  tha  llvar.  ahlch  showed 
characcariatic  focal  nacroaia.l^  Llvar  daganarotlon  In  la-^a  differed  aoae- 
what  frooi  that  in  ahaap.  In  laaba,  the  livar  was  frequently  yellow,  rarely 
enlarged,  but  always  lacking  tha  deep  rad  of  the  nonMl  llvar.  It  showed 
necrotic  foci  approxlaataly  one  ■llllawtar  In  dlaaatar  In  association  with 
subcapsular  haMorrhagas  scattered  beneath  the  capsule.  Tha  lesions  axtanded 
throughout  tha  llvar  and  In  paracuta  cases  tha  noraal  architecture  was  soaa* 
tliaaa  coaqilataly  lost.  Tha  paranchyMtoua  calls  underwent  hyaline  degenera¬ 
tion  and  lost  their  affinity  for  acidophilic  stains.  With  tha  exception  of 
a  few  cells  near  the  central  vein,  the  lobule  was  asde  up  of  Irregular 
■asses  of  lightly  stained  cytoplaaa.  Leucocytes  and  histiocytes  showing 
karyorrhexis  Infiltrated  between  these  ausses. 

The  llvec  of  aeture  sheey  was  usually  aottlad  brown  and  fre¬ 
quently  enlarged.  Liver  cells  degenerated  and  the  lesions  accuaulated  poly- 
■orphonuclear  leucocytes  and  hlatlocytes.  Lesions  were  usually  focal  and 
not  panlobular,  as  in  laaba.  Early  changes  of  the  liver  were  observed  In  a 
few  cells  in  the  central  soae  of  the  lobule.  Hyaline  bodies.  Indistinguish¬ 
able  froa  Councllean  lealcas  of  yellow  fever,  were  fonaed  by  cloudy  swelling 
of  the  cytoplasa,  which  was  followed  by  hyaline  degeneration.  As  the  lesion 
progressed,  the  cells  contracted  and  showed  oxychraaatlc  degeneration  of  the 
nucleus  and  developaent  of  inclusion  bodies.  Flndlay^^  regarded  the  inclu¬ 
sion  bodies  as  degeneration  products.  Frogresalvely,  the  lesions  were  then 
inveded  by  polyaorpbonuclear  leucocytes  and  histiocytes,  which  were  destroyed 
and  fomed  a  necrotic  ansa.  When  Che  lesion  was  in  the  central  sone  this 
sMss  foraed  an  occlusion  of  Che  central  vein.  Generally,  liver  lesions  in 
cattle  and  goats  were  siallar  to  those  observed  In  older  sheep. 

The  spleen  tn  this  group  of  anianls  usually  showed  subcapsular 
petechlae  and  caplllarr  arborescence,  prlasrily  near  the  free  borders. 
According  to  Schuls,^^  lesions  observed  during  the  Union  of  South  Africa 
epizootic  showed,  as  a  rule,  tussor  splanls  and  subcapsular  heaorrhages. 
Necroblotlc  changes  In  the  pulps  could  be  seen,  along  with  occasional 
Infiltration  of  neutrophlles. 

The  kidneys  of  Isabs  showed  congestion  of  the  cortical  and 
aedullary  blood  vsssels,  especially  near  the  boundary  tone.  They  showed 
cloudy  swelling,  and  on  occasion  the  colls  of  the  convoluted  tubule*  lost 
their  ability  to  retain  nuclear  stains.  Lesions  in  older  sheep  aost  ofcau 
progressed  to  tubular  degeneration  or  eephrosls. 

The  allasntary  tract  was  InfJaasd  la  degrees  varying  froa 
catarrhal  to  heevrrhaglc  enteritis.  Schuls  found  largo  subperltoneal 
heaorrhages  along  tha  entire  gsetrolnCestlnal  tract.  In  addition  to  the 
usual  enteritis,  be  also  observed  areas  of  croupous  or  necrotic  enteritis 
and  ulceration. 


Th«  wall  of  tha  gall  blaildai*  showad  paCachlau;  It  was  oft<>n 
thickened  from  aubaeroaal  and  nutcular  heaorrhage,  hyperenla,  and  edema; 
it  showed  extenalve  dcaquaaatlon  and  necroais  of  the  aucoua  aMobrane. 

Cyanoaia  was  observed  In  visible  Bucotia  ateahranes  and  skin, 
particularly  in  the  udder,  setotua  and  axillary  regions,  the  lower  part 
of  the  extreaitiea,  and  Inside  rhe  hind  lege.  Subcutaneous  tissues  were 
edesatous  and  the  cutaneous  blood  vessels  were  distended.  In  addition, 
cattle  showed  acute  catarrhal  atoaatitla,  erosion  of  the  lips,  tongue, 
and  cheeks;  coronitls,  laainitis,  exungulatlon,  and,  on  occasion,  asrked 
ascites.^/ 


In  the  lungs,  congestion  of  the  aentngeel  vessels  end  inter¬ 
alveolar  capillaries  was  noted.  The  lungs  showed  hypereaie,  edeaa  end 
etsphyseau  end  subpleurel  or  perivesculer  heaorrhages.  Schuls  alto  observed 
altnt  of  fibrinous  pneuaonie  in  leabs.  Degenerative  changes  were  ooserved 
in  the  adrenals.  Cortical  and  ■edullary  hsanrrhages  and  a  nusdMr  of  cells 
‘  ntaining  hyaline  inclusions  were  observed. 

The  heart  showed  subparicar^isl  hraorrhages  in  the  region  of 
the  coronary  grooves  and  sasll  subendocardial  extravasations  in  the  left 
ventricle.  The  nasenteric  and  oawntal  vessels  were  deeply  engorged,  and 
the  mesanteric  i,'ag>h  glands  were  enlarged  and  a»ist.  At  tisMs  hemorrhages 
extended  into  the  cortex  of  the  glands. 


The  only  abnormal  change  noted  in  the  placenta  was  invasion  of 
the  uterine  ■usculrture  and  decidua  by  polymorphonuclear  leucocytes,  nsny 
of  which  were  breaking  down  and  undergoing  karyorrhexis.  Eaaehulall/  iso¬ 
lated  vir..i  from  a  foetus  aborted  by  an  infected  ewe  and  concluded  that 
the  virus  could  pass  tho  placental  tissues. 


Reurotropic  virus,  inoculated  intrscerebrally,  produced  encepha¬ 
litis  in  lambs. dV  Focal  necrosis,  deganorstion  of  ganglion  cells  snd 
nuclear  Inclusions  in  gsnglicn  calls,  perivascular  infiltration,  and  infil¬ 
tration  of  Che  meninges  with  Icucocytos  were  observed. 

Pantropic  virus  produced  discrete  necrotic  foci  irregularly 
distributed  throughout  the  liver  lobules  of  monkeys. 12/  Foci  varied  in 
niabar,  and  hyaline  dagoneration  of  tho  cytoplasm  was  not  as  well  narked 
as  ia  sheep  and  goats.  Reurotropic  virus,  inoculated  intrscerebrally, 
gave  rise  to  encephalitis  similar  to  that  described  in  sheep. Is/ 

b.  Nice 

According  to  Weiss,!/  Hver  lesions  veto  found  to  be  essentially 
**‘*^4''  species  of  animals.  Findlay,!!/  Smithbum,!!/ 

Kitchen,^  and  HimsSJLhS!/  described  pathology  of  the  disease  in  mice.  The 
appearance  of  the  liver  in  Infected  mice  resembled  that  of  lambs;  Infected 


I 
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rat*  nhmMd  la«a  •>r*n«<v#  <UaMge.— ^  .-iaithburnli^  and  KitcheoH.^  described 
ancaphalitlc  Uaiona  in  Mica,  slailar  to  those  daacribad  In  lanba  and  non* 
kaya,  whaa  naurocrople  vlrua  was  Inoculitad  IntracarabraDy  into  mice.  Fixed 
naurotroplc  virus  did  not  produca  livar  lesions  in  alee,  but  virus  In  Its 
aighty.-lfch  aouse  Intracerebral  pasax'e  in  alee  produced  saall  foci  of 
degeneration  on  the  livers  of  aica  inoculated  intraperltoncally. 

MiasH^  raportad  that  alee  ill  with  Rift  Valley  fever  had  little 
or  no  piothroabln  in  the  plassM.  Prothroabln  levels  of  less  than  five  per 
cant  of  noraal  and  clotting  tines  of  10  to  aore  than  60  ninutes  ware  recorded. 
Mias  attributed  the  heaorrhaglc  phenoaena  in  Rift  Valley  fever  infections  in 
alcn  to  this  dcflcieacy.  He  pointed  out  that  the  deficiency  had  also  been 
reported  in  yellow  fever  infections  of  raasus  aonkeys. 

c.  Miscellaneous  Aalnals 

Pindlayli/  raportad  that  post-nortaa  appearances  1..  saall  rodents 
such  as  hamsters,  doraica,  wood  aica,  and  field  aolas  ware  vary  siailar  to 
those  in  laabs  and  sheep  dying  of  lufecliun  with  pantropic  viru?.  MarschallZ' 
described  histological  changes  in  the  livers  of  hanstars  and  alee  infected 
with  Rift  Valley  fever.  His  findings  essentially  confiraed  the  observations 
of  Oaubneyl'  and  Piadlay.12' 

Cats  showed  very  saall  foci  of  degeneration  on  the  liver.  Fer* 
tats  presented  a  pathological  picture  characterised  by  extensive  developae -t 
of  edesHtous  pulmonary  consolidation  with  a  scanty  exudate  of  large  mono* 
nuclear  cells. H' 

4.  lasunization 

a.  Passive 

Adaiolstracioo  of  iaaune  serua  within  36  hours  after  exposure 
to  Rift  Valley  fever  virus  was  shown  to  protect  newly  bom  laabs.il^' 
Practically,  this  prophylactic  method  had  many  disadvantages,  and  a  live 
or  attenuated  vaccine  that  would  produce  lasting  iaaunity  was  needed. 

b.  Active 

NacKansie&V  prepared  two  vaccines,  one  by  inactivation  of  virus 
with  methylene  blue  in  li|^t  and  one  by  inactivation  with  foraalia.  A 
number  of  investigators  studied  the  attenuation  of  virus  undergoing  serial 
intracerebral  passage  in  aice.i>'  JCaschulaJLL^  found  that  live  vaccine  pre* 
pared  from  86  aouse  passages  end  ten  egg  passages  caused  abortion  in  preg* 
nant  aniasls.  Live  vecciae  prepared  froa  virus  with  102  aouse  passages 
and  54  egg  passages  appeared  safe  for  use  in  cattle  end  sheep,  although  it 
was  slightly  less  iwunogenic  than  that  with  fewer  passages.  According  to 
Weiss, 2/  the  latter  vaccina  has  been  used  extensively  in  Africa  with  ancour* 
aging  results. 


r.  DUGMOSIS 


Conflratd  dl«gno«ia  of  Kifc  Valley  favar  has  baan  Italtad  to  laboratory 
■atboda  auch  aa  laolation  aad  idanciflcatioa  of  vlrua^  aarological  taata,  , 
groaa  pathology,  and  hiatopatho logical  atudlaa,  aapaclally  of  tha  liver. 
lalianca  upon  ayaptoaatic  criteria  raaultad  la  delayed  recognition  of  the 
19SO-1931  outbreak  la  the  Onion  of  South  Africa. l£'  Klft  Valley  fever  waa 
Initially  confuaed  with  dlaeaaea  auch  aa  entarotoMaiai  and  bluetongue  in 
aaiaele  and  laflueaaa  la  hunaaa.  Sladlarltiea  to  "three-day  atif f-aickneaa" 
of  aniaala  and  dei^e,  yellow  fever,  and  taadfly  fever  la  huoMoa  have  alao 
been  dencrlbed.^^ 


C.  nEATKEn 

Specific  treataeat  of  lift  Valley  fever  haa  not  been  reported,  Thua, 
in  practice,  treataeat  hea  been  ayaptoaetic.v  Cheaotherepeutlcf  IflSd 
without  aucceaa  Included  cortlaone  and  adrenocorticotropic  horaora,^' 
and  prontoail,  aulphenlllaide,  and  allied  druga.Ss/  Parcel  act  vlty 
agalnat  infectlooa  la  alee  treated  with  chlorai^benlcol^S/  and  ajae  of 
the  acrldlaeaZS/  haa  been  reported. 


HI.  RIFT  VALLEY  FEVER  VIRUS 


A.  BECOCKIZEO  STtAIXS 
1.  Pantropic 

tVFV  iaolatad  froa  its  natural  environ*Ment,  l.a.,  an  apisootlc  in 
African  ahaap  or  cattla  populations,  ahotfad  dafinlta  affinity  for  tlaauaa 
darlvad  frnm  two  and  possibly  thraa  gar*  layara.l'  Tha  virus  producad 
axtanslva  nacrosis  of  livar  paranchyaa  and  in  this  Sanaa  was  fraquantly 
rafarrad  to  as  vlscarotropic  and  hapatotiupic.  Lesions  in  tlssuas  of 
■asodaiwal  origin  ware  of  questionable  RVFV  etiology;  the  tani  polytropic 
was  proposed  as  a  a»ra  accurate  cam  chan  pantroplc,  which  was  originally 
applied  to  viral  paChoganasis  of  all  three  germ  layers. 2^'  The  tern 
"polycroplc”  has  not  bean  found  in  KVF  lltaratura  other  than  in  the  pub¬ 
lication  in  which  it  was  proposed. 

?.  Kauiotropic 

A  naurotropic  variant  <MRVPV)  of  FRVFV  was  obtained  by  IC  passage 
in  young  ■< A  auaaary  of  changes  in  the  virus  during  90 
passages  through  aousa  brain  is  given  below. 


roaaiKD  ic 

FASSACES  n  met 

CliAKZS  IM  VIRUS  AnTIKITT  FOR  NDOSt  nSSUE 

1-13 

■o  apparent  change. 

15-20 

Gained  naurotropisa  and  retained  hapatotroplsa. 

20 

Hapatotroplsa  lost  but  easily  regained. 

3J-A9 

Naurotropisa  becaae  aore  stable  but  could  still 
be  lost. 

90-90 

Heurocroplc.  Hapatotroplsa  could  not  be 
completely  regained. 

Adapted  froa  Kitchen. 2^ 


The  slaty-alghch  passage  virus  isolated  froa  a  huaan  on  the  first 
day  of  illness  showed  both  tropisM;  virus  isolated  on  the  fourth  day  exhib¬ 
ited  only  Che  hepatic  attribute. 2^  The  circulation  of  eightieCh-aouse- 
passage  virus  in  rhesus  SMnkeys  suggested  that  low-passage  naurotropic  virus 
tended  to  revert  to  its  original  pantroplc  character  when  injected  into 

aonkeys.2/ 


3.  Lunyo  Virus 


/■/ 


In  1956  Uclnbrnn  laolacsd  two  strains  of  sn  sscnt  slmllsr 

to  kvrv  ft'0«  aosqultosa  csught  In  ibs  Lunya  Porsst  on  Entabbs  peninsula. 

Tba  virus  produced  hepatic  laalona  sisular  to  those  produced  by  PRVTV  In 
mice,  but  the  histopethologlcel  picture  was  different  and  there  «icrc  sero¬ 
logical  and  behavioral  differences.  A  suanary  of  similarities  and  dif¬ 
ferences  between  IVFV  and  Lunyo  virus  la  presented  below. 


SIMILAUTIES 


DOTEIEMCES 


1.  Lunyo  antiaeruai  neutralized  1. 

IVFV. 

2.  Lun;o  virus  with  strong  2. 

neui  .If  topic  properties 

readily  yielded  a  vlscero- 
troplc  strain  with  IP  3. 

passage  in  mice. 

3.  iuunyo  vlscerotroplc  strain 
showed  cross  neutralisa¬ 
tion  with  pivrv. 

4.  Lunyo  vlscerotroplc  virus 

reverted  to  neurotropic 
when  pas«aged  through  a 
mosquito.  Pivrv  reacted  4. 

similarly  when  passaged 

through  certain  rodents. 

5. 


Adapted  from  Welnbren  jlL 


ivrv  antlsensB  did  not  neutralize 
Lunyo  virus. 

Lunyo  virus  was  transmitted  by  Aedes 
aesvntl  mosquito,  IVFV  was  not. 

Mice  Infected  with  neurotropic  Lunyo 
virus  became  hyperactive,  ate  any 
available  material  Including  their 
own  appendages,  and  usually  died  In 
convulsions  S  to  12  days  after  Inocu- 
Utloo.  Mice  Infected  with  MKVrv 
esfalblted  Inappetence,  progressive 
loss  of  muscular  control,  and  died 
wltbla  2  to  3  days  aftar  inoculation. 

Lunyo  virus  was  less  stable  In  stor¬ 
es*  (lyophlllsed  In  serum)  than  tVFV. 

Lunyo  vlrjs  failed  to  yield  a  hemag¬ 
glutinin.  ivrv  readily  yielded 
hemagglutinin. 


I.  MOlPHOUMrr 

Pivrv  readily  passed  through  ChambarUnd  filters  up  to  Lll  grade  but 
rarely  passed  through  filter  grade  L13.1/  ly  .filtration  through  gradocol 
membranes,  particle  size  of  PlvrV  was  estimated  at  23  to  25  millimicrons. -2/ 
Coaplately  different  estlMtes  of  ivrv  particle  slaa  wore  obtained  by 
ultraceatrifugation.ZllZd/  PlvrV  particle  slsa  was  reported  as  49.7  milli¬ 
microns  sad  Hivrv  (102  IC  mouse  pessages,  30  egg  passages,  and  9  IC 
passages)  showed  two  particle  slses,  30.9  and  51.8  millimicrons. 12x12/ 

Hlvrv  purif  ied  by  ultraceMclfugatlon  remained  viable  longer  than  RIVTV  In 
mouse  brain  preparations. 42/ 
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C.  PROPAGATION 

1.  Mice 

Mice  eau  ret*  of  several  varieties  have  been  used  to  propagate 
PRVPV.^'  Mit?-'  used  White  Swiss  aice  for  propagation  and  quantitation 
of  RVn<..'nt«  virus  is  98  to  100  per  cent  lethal  for  nice  in  two  to  three 
days. ' ■  «  '  '  MIbs  showed  that  age  of  mice  had  little  effect  on  peak  titers 
in  Bice  2,  4,  6,  8,  and  10  weeks  old.  Ttie  rate  of  blood  titer  Increase 
was  proportional  to  Che  quantity  of  virus  in  the  inoculuB,  but  the  final 
titer  wes  approxiBac.^ly  Che  seas.  Peak  titers  were  reached  one  to  two 
hours  befuce  Bice  sickened  and  died.  Mice  inoculated  intravenously  (7V) 
or  intracerebrslly  (IC)  with  10^  to  10^  U>50  P*^  virus  produced  blood 
titers  as  high  as  10^^  LOSO  par  b1.  Subcutaneous  (SC)  or  intraperitoneal 
(IP)  Inoculation  gave  titers  in  blood  approxiaately  one  log  lower.  Titers 
in  brain  and  liver  were  usually  one  to  two  log^o  lower  than  titers  in  blood 

2.  LsBbs 

Oaubney  e]t  aj^.l/  used  the  laab  fer  isolation  and  propagation  of 
PIVPV.  The  virus  infection  was  fatal  in  two  to  three  days  for  9C  per  cent 
of  Che  three  to  seveo'day-old  laabs.  The  aortallcv  rate  decreased  with  age 
Co  approxiaately  20  per  cent  la  aature  sheep.  Exact  titers  of  PIVFV  in 
laabs  were  not  reported,  but  deca  presented  by  Saithbum^'  suggested  that 
virus  in  Che  bloodscreas  «ms  plentiful.  Two-tenths  al  of  laab  blood  drawn 
daily  froa  the  first  through  the  third  days  of  infection  killed  ell  of  the 
Bice  inocula^d  incraperltoneally.  The  laabs  were  infected  with  approxi- 
aetely  1  x  10*  aouse  LOso  virus  given  subcutaneously.  Meurotronlc  RVTV 
was  rarely  fetal  to  laabs  except  when  Inoculated  intracerebrelly.^  Saith 
bum  MS  unable  to  deaonstrete  mvPV  in  Che  blood  of  sheep  or  laabs  during 
the  fitst  ten  days  following  subcutaneous  Inoculetion  with  approxiaately 
1  X  10*  auus'.  Uy)  of  RRVFV.^'  AvellablllCy  of  laabs  was  seasonal,  how¬ 
ever,  and  their  continuous  use  for  propagation  of  gVFV  was  iapractleal. 

Th«  gestation  period  in  sheep  is  approxiaetaly  ISO  days;Z2/  therefore, 
under  natural  conditions  laabs  are  ava. lable  only  in  the  spring  and  late 
fall. 

3.  Eabryonaced  Eggs 

Saddlngtoolfi/  propagated  PIVFV  on  tbs  chorioallantoic  aeabrane  of 
9-  to  lO-dayold  eabryonaced  eggs.  Eabryos  were  harvested  after  five  days 
and  the  asabrane,  liner,  end  aanlotlc  fluid  were  titrated  in  aica.  Titers 
Mre  not  reported,  but  it  ms  stated  that  all  three  aeterlels  contained 
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LDy)  "Ice  ms  calculated  by  the  aethod  of  lead  and  Muench, 
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virua;  tha  livar  %Ma  aora  coaalatancly  lafectioua  for  ulca  than  aaabranas 
or  aanlocic  fluid.  KaichnlalZ.'  propagated  both  pantroptc  and  neurotropic 
attain*  of  tha  vltua  In  tha  yolk-aac  and  on  the  chorioallantoic  nambrane  of 
eabryonatad  agga.  Hlghaat  tltera  of  virua  (1  s  10^*^  laouaa  IDjo)  viare 
obtained  at  34*C  from  8-day-old  agga  Inoculated  In  yolk-aac  with  1  x  lO^**^ 
mouaa  LOSO  pai  0.1  ad  virua  and  harvaatad  at  death  (approxlaataly  48  hours). 


4.  Tlaaua  Culture 

MacKenslal^  and  SaddlngtonZ^^  carried  PSVFV  through  12  aubculturaa 
In  9-  to  10-day  old  chick  aabryo  calla  auapandad  In  Tyroda’a  aolutlon. 

Virua  tltera  of  approxinncaly  1  x  10^*^  B»iita  1050  «Mra  obtained  after 
Incubation  of  virua  and  call  auapanalon  at  37*C  for  fout  to  five  daya.Z2/ 

80/ 

Endo^'  reported  tha  dawalupaant  uf  a  iieurotroplc  variant  by  aerial 
passage  of  PRVPV  In  a  Maltland-t>’pa  tissue  culture  of  aad>ryonlc  aouse  brain. 

In  roller  tuba  tissue  culture,  Takaaurl  et_  al.ft-*.??/  daMnstratad 
tha  cytopathoganlc  affect  of  NtVTV  and  PKVFV  on  rat  aarcoan  calls,  huaan 
aabryo,  and  rat,  axHisa,  and  swlca  fibroblasts.  Ifelasi/  reported  cyto- 
path^anasla  of  KEVPV  In  laab  kidney  calls  grown  In  roller  tuba  cultures. 
Weiss  conflraad  tha  finding  of  Takaaorl  a£  al.  that  the  cytopathoganlc 
affect  appeared  within  about  two  days  and  saxlaua  virus  titer  (1  x  10^  to 
1  X  10'  axMisa  Ujq)  was  reached  prlo;  to  aarkad  call  destruction,  which 
was  coaplata  In  four  to  six  days. 


PRVrv  and  MIVPV  were  tltiatad  In  tissue  culture  by  plaqva  fomntlon 
oo  rat  Mrcoaa  calla.Sl'  Chang's  huaan  liver  calla, and  sheep  kidney 
cells.s^  Bandalldi/  propagated  PkVPV  In  aoafcey  kidney  call  tissue  culture 
for  production  of  vaccine. 

9.  Adsorption  end  Hultlpllcatlon 
a.  In  vivo 

Hlaa^i/  obtained  data  for  Ps/7V  growth  curves  by  titration  In 
nice.  He  reported  that  aoat  of  the  virus  disappeared  froa  the  blood  within 
the  first  hour.  Between  five  end  nine  hours,  depending  upon  Inoculua  slxa, 
there  was  an  exponential  rise  tn  titer.  Cu^rable  final  yields  of  virus 
(1  s  10*  NtCLDjQ  per  0.03  al)  were  obtained  for  different -slsed  Inocula  at 
different  tlaes,  as  shown  below. 
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TWo-atcp  growth  curve*  developed  when  Inocula  ot  1  x  10^  to 
1  X  10^*^  HICli>5()  per  0.03  «1  were  uaed.  The  curve  wa*  characterized  by 
an  exponential  rlac  at  four  to  five  hour*,  when  a  one-hour  lag  app^^ared 
that  waa  followed  by  a  aecond  exponential  rlae.  Cne-atep  growth  curve* 
rcaulted  from  Increaalng  the  Inoculua  alze  to  1  x  10^*^  to  1  x  10^*^ 
HICLD50  per  0.03  ■!.  ‘liter*  Increaaed  exponentially  fcet%Men  four  or  five 
hour*  and  aeven  or  eight  hour*  without  evidence  of  lag.  Peak  titer*  of 


1  X  10 


and  aeven  or  aignt  nour*  witnout  evidence  or  lag.  reax  titeri 
to  1  X  10^*"  MICLOjo  ware  reached  In  aeven  or  eight  hour*. 


Takeaorl  *t_  al.S2/  conatrucied  growth  curve*  for  both  neuro- 
tropic  and  pantrople  KVPv  fro«  data  obtained  by  titration  of  aacltlc 
fluid  froa  infected  alee  that  had  been  Inoculated  with  aacite*  hepatoaa 
cell*  eight  day*  before  virua  inoculation.  Matuaoto  a£  al.sZ/  conflraed 
the  finding*  with  neurotropic  KVFV. 


b.  In  vitro 

Plowright  and  Perrlafi^  reported  growth  curve  atudle*  of  RVTV 
ualng  ahee^kldney  axMtolayera  in  culture  tfbe*.  They  reported  peak  titer* 
of  1  X  107~^**^  KZPU)^  in  about  36  hour*.  Yakeawrl  at,  al.,22/  ualng 
aacltea  hepatoae  cell*  of  alee  In  roller  tube  tlaaue  culture,  aede  quan¬ 
titative  aMaureeant*  of  MtVFV  and  pqVFV.  Ihey  found  little  difference 
In  the  ^  vitro  growth  of  the  two  vlru*  attain*.  Peak  titer*  of  1  x  10^ 
MICLD50  were  attained  after  two  to  three  day*. 

Iwaaa^^  eaployed  plaque  fotaatlon  on  aonolayera  of  Chang* a 
huaan  liver  cell*  (CHL)  to  laveatlgate  the  latent  period  and  the  appear¬ 
ance  of  intracellular  antigen  of  IVFV.  He  atated  that  tha  period  of 
Intracellular  aultipllcatlon  wa*  2.3  hour*  and  the  latent  period  extended 
to  6  hour*.  Ualng  the  indlrer.  fluoreacent  antibody  technique,  he  detected 
Intracellular  coagileaent-fixlag  antigen  at  5  hour*. 


c.  Interference 

Plndlay  and  Howerdll/  inveatlgated  interference  between  neuro- 
tr  pii  and  hepetotropic  virua  and  between  ether-inactivated  neurotropic 
virua  and  Impaioiropic  virua.  Exaltation  between  Senger  virua  and  neuro- 
tropic  virua  waa  alao  atudied.  They  rlaiaed  correlation  between  tha 
developaant  of  neurotropiaei  and  increaalng  Inteiference  between  neurotropic 
and  hepatotropic  atraina.  Becauae  of  dlffUultiea  encountered  in  obtaining 
coi^letely  inactivated  virua  by  ether  treataant,  tbaae  reaulta  were  not 
clear-cut,  but  the  author*  concluded  that  ether-inactivated  virua  Inter¬ 
fered  with  living  virua.  It  we*  alao  concluded  that  Senger  virua,  a 
■eaber  of  the  cncephaluayocarditi*  group  of  vlruaea,  waa  exalted  by  neuro- 
tropic  virua  in)*ct*d  intraperltoneally. 
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^iaud•  Md  tolsovS^  invaatls^^rcd  InCariaranca  batvaen  acLlva 
SVFV  and  ultravlolat-irradlatad  ftVFV.  1'!'  found  cha£  irradiated  virus  *  | 
intarfarad  with  iafactivity  and  optiflol  doaaa  of  irradiated  virua 
elicited  iMunlty  in  alee.  Joya^Z/  Inveatigatad  the  antigenic  power  of 
KVrV  inactivated  by  UV  irradiation. 

3cocc  and  WHf  tconbiS/  invaaCigatad  incarfaranca  of  RVVV  by 
rindarpaac  vinia  (IV)  in  hanatara  and  nice.  Eaastari:  that  ware  infected 
with  IV  two  to  aavan  daya  aarllar  were  not  affected  by  axpoaura  to  IVFV. 

Ttia  auiTvivoau  ware  found  to  ba  auacaptibla  to  tVfV  whan  r,f-uxpo4ed.  Expo' 
aura  to  IV  fi,  9,  and  U)  daya  bafora  axpoaura  to  IVW  raaultad  in  SC  per 
cant  daatha  froa  dalnyad  IVW  infection.  Survivore  warn  iawna  upon  re* 
capoaure  to  IVW.  7erioda  of  1,  12,  13,  and  14  daya  pra*aapoaure  of  han- 
atara  to  IV  produced  no  evidence  of  intarferenca  on  inoculation  with  IVW. 
Sinllar  evidanca  of  intotfaranca  did  nut  occur  iu  adca.  The  only  aignifi' 
cant  faaturo  of  the  aouaa  aaparinanta  waa  a  delay  in  peak  deeth  tine. 
5i&llarity  of  lift  Valley  fever  to  dangua  asd  yellow  fever  induced  Vindleyll/ 
to  inveatigata  incerfaracca  aaong  thaaa  viruaaa.  Ha  raportaJ  no  Interfar- 
anca  tMttwaae  IVW  and  dengue  virua.  However,  Findlay  and  MniiCalluazi/ 
reported  chat  IF  taeculation  of  mica  with  a  nixtura  of  fIVW  and  naurotropic 
yellow  fever  virua  (HTFV)  ccaplataly  pretactaa  a  few  nice  and  dalayai  tha 
death  tine  of  tha  otbara.  This  protacCion  was  not  seen  if  FIVW  wan  given 
^4  Hours  prior  to  inoculation  with  ITW.  Siallarly,  it  waa  ehown  rnat  dYFV 
procacca  agalaat  pantropic  yalluw  fever  vfirua  (FTW)  but  FTW  did  lot  pro* 
toce  agaioat  nw. 

d.  lac onp lata  Virus 

laaacaH/  preferred  liwicad  uaa  of  tho  tana  iaccaplata  virua 
and  raatrictad  its  ai^lieation  to  focusing  attention  on  tha  diffaroncaa 
in  cha  iafactivity  oi  virus  produced  ttm  serial  pasaaga  of  low>dilution 
and  bighodilution  notarial.  Ho  criticixad  'isa  af  tha  tarn  to  inply  tha 
proAictior.  of  an  aboorwal  ana*product  of  virua  nultinllcation  or  tha 
nruduction  of  dwaiopaantaily  Inconplata  viiua.  Kiaaai/  ascribed  tha  low 
iafactivity  of  notarial  produced  by  aerial  paaaago  e  largo  inocula  of 
Fivrv  to  tha  production  of  incoaploto  noniefoctiva  virus.  Ho  found  that 
nouaa  aeck*  with  a  riVW  titer  of  1  x  10'  MpiDjo  par  0.03  ml,  paaeagad 
undiluted  U  wica,  dropped  as  low  sa  1  x  10^*’ MVlDso  P«r  0.1  al  at  tha 
fifth  pasMga.  Tha  haangglutinln  titer  of  this  natcrial  waa  oot  reduced 
in  proport  ioa  to  tha  infacrlvity  ticar>  but  ranainad  raUtivaly  conatant 
after  tha  first  paasapa.  Material  diluted  to  10**  produced  high  infac* 
tivity  titara  cad  proportiaaotoly  high  hawagglutiain  titara. 


0.  StailUTT 

1.  icld  Tolacaaca 

Findlay^  ^aportaJ  chat  FIVW  in  blood  adjuatod  to  pH  4.9  to  7.3 
with  pboapbata  buffer  rvcalaod  viability  for  20  hours  at  37*C  but  waa 
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Inactivated  at  rooa  tM|>«raCur«.  At  pH  6.6  at  rooa  teaperature,  some  virus 
reaainad  viable;  however,  ec  pH  8  the  vinie  was  inectiveted  both  et  rooa 
traperature  and  et  37*C.  In  contrast,  Kaachulell/  reported  that  laaxiauai 
viability  of  the  virus  wee  sueteined  et  approxiiwtely  pH  B.  Mlasli/  tested 
'rlrue  stability  at  various  pH  values  item  6.0  to  3.0  at  37.5*C  in  Sorensen 
buffer.  Sorensen-buffered  saline,  bovine  albuain,  and  urea  concentrations 
of  0.3  and  3.0  per  cent.  Re  found  that  the  virus  was  equally  stabla  in 
all  the  diluents  tested  as  lon(  as  the  pH  was  between  7  and  8.  Below  pH 
6.0  the  virus  was  rapidly  inactivated.  Miae  concluded  Chat  the  absence 
of  virus  froa  the  urine  of  infected  alee  could  probably  be  attributed  to 
the  pH  of  aouae  urine,  aoraally  between  pH  4  and  6  and  rarely  as  high  as 
pH  7. 


2.  Heat 

FBVFV  in  phosphate-buffered  blood  (pH  7.2)  retained  vlruleMe  tor 
20  ainutes  at  S6*C  but  not  tor  40  adautaa,  according  to  Findlay. 12/  Mlaal^ 
found  that  undiluted  aouae  serua  with  a  FIVFV  titer  of  1  x  10’  MXCLDjo  per 
0.C3  al  lost  only  oe»  to  two  logs  of  titer  when  heated  to  56*C  for  one  nour. 
Surprisingly,  the  titer  did  not  drop  below  1  x  10^  N1C1J>30  per  0.03  al  when 
the  sample  was  heated  to  S6*C  for  thiee  hours.  In  contrast,  the  haaag- 
glutinln  of  PBVrv  waa  coa^letely  destroyed  in  one  hour  at  56*C. 

3.  Chaalcals 

Daubney  e£  al,.!/  recovered  viable  FBVFV  froa  blood  plasae  after 
salting  out  virus  aad  protein  fractiMs  with  aaaooiua  aulphate  buffered 
at  pH  7.4.  Andrewes  and  ■orstaeanZ!/  treated  FIVFV  with  ethyl  ether  for 
18  to  24  houra  at  4*C.  They  added  ether  to  a  aouae  liver  suspension  with 
a  titer  of  1  x  ^  KlFLDjo  al  and  found  that  the  titer  waa  reduced 
100-fold.  NiasSv  found  that  IVFV  extracted  froa  infective  aouae  aetua 
with  acetone  and  ethyl  ether  loat  its  infactlvlty  but  retained  antlgoaiclty 
and  heaagglutinin. 

4.  Storage 
a.  Cold 

According  to  Onubaey  at,  a^.,1/  FIVFV  in  cltratad  blood  any  be 
aaintained  for  one  week  at  rooa  ta^eratur#  without  loss  of  infect Ivlty. 

With  oxalate-carbol -glycerine  (O.C.C.)  added,  infective  blood  stored  tutder 
refrigeration  at  3*C  (with  conalderable  variation)  retained  virulence  for 
34  days  and  rcaained  viable  with  reduced  virulence  for  147  daya.  Flndlayll/ 
reported  that  infective  blood  with  O.C.C.  roaeinod  viable  for  eight  aontha 
under  refrigeration  at  4*C,  but  with  reduced  vlculanca.  Oaflbrlnatad  b!ood 
vith  0.3  per  cent  phenol  raaalnal  virulent  for  six  aontha  at  4*C.  FIVFV 
in  undiluted  aouae  serua  reanl'ied  viable  for  ti^t  aontha  and  showed  rela¬ 
tively  no  loss  in  titer  for  30  daya  at  -20*C.!^  Uinyo  virus,  stored  under 
the  saae  stated  conditions,  lost  1.2  logs  of  vims  in  28  days.ll/ 
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KaschulalZ.^  confirmed  Eudo'e  flndlng2i^^  that  R7FV  was  most 
staulc  In  whole  egg.  This  stabilizing  action  was  later  attributed  to 
egg  yolk.  Kascbula  concluded  that  the  virus  was  most  stable  'n  undiluted 
egg  embryo  at  -70*C.  Instability  of  RVTV  In  mouse  brain  suspensiun^Z.'' 
was  attributed  to  the  action  of  virus -Inactivating  enzymes,  the  activity 
of  which  was  retarded  by  0.01  H  KCN,  condensation  products  of  gallic  acid 
and  formalin,  and  phosphorylation  products  of  resorcinal.^^ 

b.  Lyophillzation 

PRV7V  in  mouse  blood  dried  vacuo  over  P2OS  and  mairt^ined 
at  4*C  reomined  active  for  at  least  six  weeks. Dried  from  the  frozen 
state  ^  vacuo  over  H2SO4  and  maintained  at  4*C,  the  virus  in  blood  diluted 
1;10  with  normal  serum  remained  viable  for  eight  months. Lyophlllzed 
NRVPV  in  mouse  brain  lost  titer  when  stored  at  d/'C  fur  one  week  or  at  4‘'C 
fur  three  months.  It  was  found  that  Che  presence  of  buffering  electrolytes 
was  harmful  to  the  stability  of  lyophlllzed  preparations.  Stability  was 
Improved  by  the  addition  of  five  per  cent  sucrose,  one  per  cent  mixture  of 
21  amino  acids,  and  five  per  cent  peptone  or  a  saturated  solution  of 
lactalbumen  hydrolysate. 2.^  A  lyophlllzed  preparation  of  tunyo  virus  in 
mouse  brain  with  100  per  cent  normal  serum  as  the  desiccating  medium 
dropped  from  a  titer  of  1  x  10^*®  MICU)5o  to  a  titer  of  1  x  lO^*^  MICLD^q 
after  storage  for  six  wesks.  A  similar  preparation  as^loylng  beef-peptone - 
eibumin  as  tha  desiccating  madlum  lost  4.2  logs  of  potsney  after  18  days' 
storags  at  >20*C. 


E.  lOENIIFICATlON  PROCEDURE 
I.  Isolation 


Rift  Valley  fever  virus  has  been  successfully  isolated  by  Injection 
of  suspected  material  into  highly  susceptlbla  animals  such  as  lambs  or 
sheep,!'  mice,!!'  and  ferrets.!!'  Isolation  haa  also  been  made  by  inocu¬ 
lation  of  Infected  materiel  into  tiie  yolk-sec  or  on  the  chorioallantoic 
membrane  of  eight-day  embryonated  eggs.l!'^  Vhola  blood, sanim,!!/  throat 
and  nasal  washings,!!/  homogenates  of  Insects,!^  egg  embryo,!!/  and  vital 
organs  su<.h  ss  brain,  liver  end  spleen  from  suspected  sources  have  been 
successfully  used  as  inocula.!!/  Virus  has  been  concentrated  from  cuspen- 
slon  by  precipitation  and  filtrat Irn.!/  Whole  blood  and  serum,  ascptically 
drawn  from  dlswase-f ree  aiiimels,  have  been  widely  used  to  obtain  bacterla- 
free  suspensions  of  virus.  The  method  requires  knowledge  of  when  and  where 
virus  is  found  in  various  antmsls.  It  has  been  showni!/  ti^t  the  titer  of 
pantroplc  virus  in  various  organs  was  related  to  concentration  of  blood  in 
tha  organs.  The  periods  during  which  the  more  important  host  species  liave 
been  found  to  have  virus  in  the  blood  are  coig>iled  in  Table  VI. 
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TABli  VI.  ClRCUUnOK  W  PHVFV  IN  BLOOD  OP  VARIOUS  HOSTS 


HOST 

CAYS  OF 

FE  TITRR 

DAYS  AFTER  INOCUUTi:;^ 
VIRUS  PERSISTS  IN  BLOOD 

LITERATURE 

CITED 

Shaap 

3-5 

6-7 

22 

Honkay 

4-6 

13 

22 

Rat 

3-5 

15 

22 

Hunan 

1-3 

9 

2? 

Mice 

1-2 

2-4 

36 

Lanba 

2-3 

2-3 

36 

Farrata 

2-4 

2-4 

27 

2.  Idantlflcaclon 

«.  Crota-lMualty 

Thut  far,  poatciv*  idantlflcatlon  of  Rift  Vallay  favar  vlrua 
haa  baaa  accoa^llahad  by  tha  adaptation  of  accaptad  aarologlcal  tachnlqiiaa. 

Itia  aarllaat  taat  uMd  for  tba  Idantlflcatlon  of  tha  vlrua  waa  Introducad 
by  Daubnay  »  vho  parforaad  croaa>iMnintty  taata  on  laaba.  Saaaonal 

availability,  aauiputatloa,  and  axpanaa  Incurrad  in  tha  axtanalva  uaa  of 
laaba  tor  routina  work  vara  aarioua  linltatibna  of  thia  aathod.  Findlay— aiS2/ 
found  no  croaa-innuaity  bat«iaaa  lift  Vallay  favar  and  louping  ill  or  dangua 
in  nonkaya. 

b.  Sarun  Rautral  iaation 

Pindlay^l/  diacovarad  tba  high  auacaptibility  of  nica.  Ha  Inocu* 
latad  nica  with  dilutiona  of  infactad  blood  nautraliiad  with  a  conatant  anount 
of  antiaaruau  Modif icationa  of  thia  taat  hava  baan  appllad  to  dif farantiatlon 
of  naurotroplc  and  pancropic  atraina  by  Intradaranl.  intracarabral,  aubcuta* 
naoua,  and  intraparitonaal  inoculation.^^  Pindlayli/  alao  ahowad  that  rh» 
nautralicad  virua  could  ba  raactivatad  by  ainpla  dilution  or  naaal  inatilla* 
cion.  Inactivation  of  nonapacifie  Inhibirora  by  haatlng  at  S6*C  for  30 
ninutaa  haa  baan  racnnnanilad.ll/ 

c.  Coi^  laaant  Piaation 

Tha  conplanant'fixation  taat  waa  adaptad  to  tba  identification 
of  Rift  Vallay  favar  vlrua  and  Ita  hoavlogoua  antiaara  by  Brooai  and  Findlay 
in  1932.121/  'ihay  ahowad  that  fixation  waa  in  direct  proportion  to  aavarity 
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of  clinical  dlscasa.  Exact  correlation  between  the  serua-neutrdll2ation 
test  and  the  coafkleaan^-flxation  test  was  reported  by  Gear  et_  al.l?' 

It  was  reported  that  coopleaMnt -fixing  antibodies  were  not  always  detectable 
in  the  sera  of  huaans  and  aniaels  inoculated  with  the  neurotropic  strain, 
but  the  report  «Ma  not  supported  by  experiaental  evidence.  Iwasa^/  stud¬ 
ied  Che  production  of  coeiplcaent -fixing  antigen  in  tissue  culture  (CHL 
cells),  using  the  fluorescent  antibody  tschnlque. 

d.  Heaegglutlnatlon  Inhibition 

Mias  and  Meso»~^  adapted  the  heaegglutlnatlon  Inhibition  test 
(HAD  to  the  identification  of  Rift  Valley  fever  virus.  They  showed  a  speci¬ 
ficity  of  the  te:t  for  the  virus  and  no  serological  overlap  with  Seallkl 
forest  (Group  A)  or  yellow  fever  (Group  B)  viruses.  Optlswl  heawggultina- 
tion  occurred  at  pH  6.5  and  2S*C.  Acctone-cchar-treated  and  untreated  virus 
were  adsorbed  to  red  cells.  The  virus  was  not  eluted,  nor  could  it  be 
washed  off.  The  untreated  virus  preparation  was  a  aore  powerful  heaag- 
glutlnin  than  the  acetone-ether-treaced  preparation,  which  was  nonlnfitctlve. 
Chick  red  blood  cells  were  routinely  used  fur  the  test. 

e.  Agar  Diffusion 

Although  substantiating  evidence  was  .lot  preseuteu, 
reported  desnn strati on  of  a  precipitin  reectlon  with  neurotroplc  virus 
and  Its  antibody  in  agar  plates. 


r.  cussiricATioa 

Casals.lS.?/  grouped  arthropod-borne  viruses  Into  thrse  groups  (A,  B,  and 
C)  on  the  basis  of  serological  Interactions.  A  fourth  group  (unclassified) 
listed  viruses  that  were  not  placed  in  the  A,  B,  or  C  groups  l^cause  they 
failed  to  show  serologic  relationship  to  any  of  the  other  arthropod-borne 
viruses,  lift  Valiev  fever  virus  was  placed  In  the  u.-iclesslfled  group. 
Poison  and  LlnderZzaZV  grouped  eight  '‘"’«al  viruses  Into  three  groups  on 
the  basis  of  ultracentrifuge  sedlowatatlon  rates  of  70,  170,  end  450 
Svedbergs.  Rift  Valley  fever  virus  fell  Into  the  450'-Svedberg  group,  along 
with  neurotroplc  horse-sickness  virus.  Bauer  and  BradleylSl/  classified 
neurotroplc  viruses  according  to  xauihine  oxidase  activity  in  Infected 
■ouse  brain.  They  placed  neurotroplc  lift  Valley  fever  virus  In  group 
two  of  their  five  groups.  Bunyasssera,  vr.csphaloayelltls,  neurovacclnla, 
pseudo lyaphocy tic  chorloMngitls,  Pants  and  California  viruses  were  also 
placed  in  tills  group. 
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nr.  scwiMty 


OitubiMy  »  jtl.l/  W«ls«2.^  •4i4(a«t*d  that  RVF  Mt  prCMnt  In  Central 
Africa  for  ynars  bafora  1430.  HnetgMMry  (1912)  and  Scordy  (1913)  daacriberf 
a  aiallai  dlaaaaa  in  the  tift  Valley,  t>ut  la  neither  Instance  wee  the  etio¬ 
logical  agent  deterained. 

Findlay  and  co-workera  deacrlbed  '.he  pathology  and  hlatopathology  of 
the  dlaeaae  and  adapted  the  seruatMutrallsatlon  teat  and  the  ctMlaeanC- 
flaatioe  teat  to  detection  of  IVFV  aatibodlea  la  oerva  la  1932. In 
1934  Kitcaen  aade  e  detailed  report  on  the  dlonase  la  Mia.ll/  Xu  1936 
MecKensle  and  Findlay  developed  a  OMrotroplc  atrala  (nVFV)  of  the  vlrua 
by  aerial  paiaaga  la  loouae  bratn.!!/  Xa  the  aeaa  year  the  coeapleiHnt- 
flaation  teat  wee  uoed  to  outline  the  geographical  area  n|.tho  dlaeaae  In 
Africa  by  eatenalwe  test  tag  of  aera  fitm  African  aatlvea.a/ 

Saithbura  e£  a^l/  eatabltohed  arthropod  traaaitti.>alon  of  the  vlrua  In 
1946  by  laolatleg  It  tnm  aeogultoea  caught  la  tha  ualahablted  Sealikl 
forest  in  Uettera  O^nda.  Suboegueatly,  la  1949,  they  succeeded  In  passag¬ 
ing  the  virus  la  eaparlaantal  aalaals  by  ■osgulto  bite. 12/  Xa  1950^951 
the  first  kaoua  eplaoeclc  of  the  disease  occurred  la  South  Africa. 122/ 

Takeaorl  e£  al,.21/  reported  plague  forMtloa  by  KVFV  la  aonolayar  tissue 
culture  la  1933.  Xa  1936,  Ueiabrea  o£  a^.22/  Isolated  the  Umyo  virus, 
idilch  produces  cannlballoa  la  ■ice.  WF  Mlaoeclco  rsappaared  la  local 
areas  of  Africa  la  1933,  1933,  and  1936.1/  At  this  writing,  tha  disease 
has  not  been  reported  under  natural  clrcuaMtonces  outside  Africa.  labora¬ 
tory  Infect  loos  hove  booa  reported  In  Africa,  England,  Japan,  and  tSta 
United  vtotos.v 
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